Background: Road traffic fatalities (RTF) are among the top ten causes of deaths in the world. The risk factors for RTF fatal victims have been extensively characterized, but studies of household burden of RTF have been very few in number. Accordingly, this article investigates post-crash impacts on RTF victims' family members, including the adverse impacts of lost income, occupational disruption, unfavorable family dynamics, and residential relocation. Methods: Survey data from 1291 RTF family members interviewed in Taiwan in 2012 provide the evidence of impact used in this article. Twelve variables related to the family member's socio-demographic background were used to predict the scope of the adverse impact of a fatal crash in regression models developed for this analysis. Results: RTF victims' spouses with relatively low personal incomes and strong dependence upon the crash victims were found to be most likely to experience a marked decrease in post-crash quality of life. RTF victims' family members who lived with few other adult cohabitants and had more juvenile dependents and were emotionally dependent on the victims were found to be quite likely to experience post-crash setbacks in occupational stability. RTF victims' family members who were emotionally dependent on the victims were found to be more likely to experience major family life disruptions. The younger the RTF victims' family members, and the more years since the crash, the higher the likelihood of residential relocation taking place.
Conclusions:
The results noted help identify those RTF victims' families that will most likely be adversely affected by the crash. The true societal costs of RTF crashes should include the adversities suffered by the fatal crash victims' families. Social welfare policies, mental health support, and timely supplemental resources should be made available to those surviving families most at risk of major life disruptions.
Background

Heavy cost of road traffic crashes in low-and middle-income countries
As the eighth leading cause of deaths globally, roadtraffic fatalities (RTF) took more than one million lives each year over the course of the last decade [1] . The estimated costs to society of traffic crashes are believed to be substantial, ranging from 1 to 3% of GDP [2] . The World Health Organization's most recent report on the matter predicts that RTFs will become the fifth leading cause of death by 2030 if nations do not hasten to take more progressive actions to address the problem than they have to date.
The ratio of fatal to non-fatal injury road-traffic crashes was estimated to be around 1:20 [3] . Large disparities in this ratio exist across nations with low-and middle-income countries exhibiting more than twice the fatality rate of high income countries, and the gap is expected to increase as passenger vehicles in the prosperous countries become markedly better equipped with safety features [4] . From a global perspective, it is clear that greater effort must be devoted to reducing traffic fatalities in low-and middle-income countries [5, 6] .
Unfortunately, those countries which are experiencing the most rapid rates of increase in RTFs tend to not devote much attention to road safety enhancement, and governmental resources needed to address the problem globally such as engineering improvements, more effective traffic law enforcement and more efficacious public education are not evenly distributed among nations [2] .
Substantial research of consequences of road traffic crashes on victims but not on victim's families Our knowledge of both the immediate and the long-term physical and psychological harm attributable to road traffic crashes to the victims is fairly extensive [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Previous empirical studies have confirmed that road traffic crash victims often suffer a combination of physical, psychological, financial, social, and legal adverse impacts from their crashes. Although physical lesions and broken bones often are healed with the passage of time, psycho-social complications arising from road traffic crashes often persist for a rather long time. Mayou and Bryant [7] reported that a third of victims of injury vehicle crashes were still suffering psychological, social and legal adversities one year after their crashes. In a Swedish study, over half of road traffic accident victims reported at least one psychological symptom after a 2-year follow-up [8] .
Past studies have also investigated a number of risk factors associated with adverse psycho-social impacts arising from road traffic crashes for their victims, finding variations in impacts across various socio-demographic traits of the victims. For example, a survey of victims conducted in Sweden showed that females tend to report more adverse consequences from their road traffic crashes than men [9] . Another 6-month follow-up study done in France found that the risk of post-traumatic stress disorder (PTSD) was higher among female victims than male victims [10] . The 2-year follow-up survey carried out in Sweden noted above found that females over 40-years in age were more likely to develop psycho-social complications than were younger women involved in comparable crashes [8] . Age for both men and women was also found to be a strong predictor of serious injury in several studies [18, 19] ; however, age was not associated with the likelihood of developing chronic PTSD [10, 11] . Some studies went beyond immediate individual health or psychological impacts to the consideration of long-term economic consequences suffered by road traffic crash victims and their families.
The majority of literature of the impact and consequences of road-traffic crashes concentrates on studying the surviving injured victims of serious collisions [8, [12] [13] [14] [15] [16] . While the impact of fatal crashes on the victim's family members has seldom been the focus of systematic investigation, family members of persons killed in traffic crashes might well be imagined to be greatly affected in many ways, both directly and indirectly. For example, in one published research study of a severely injured crash victim, the family of the seriously injured driver, and the family of victims who died in the crash (RTF victims) were all found to be rather seriously traumatized as a group, without great difference across these distinct groups of people associated with the RTF event [17] . In Mohan' s words, the adverse outcomes of serious injury or death of a family member can be 'permanent and soul destroying for individuals and possibly for the larger community' [5] . Mohan therefore calls for more research work to understand this issue. Because of this lack of needed research, this article explores the after-crash impact upon the families of RTF victims in Taiwan in order to help fill this gap in our collective knowledge.
High density of motorcyclists and the Crime Victim Protection Act in Taiwan
The annual road traffic fatalities per 100,000 inhabitants of Taiwan, a high-income country, was 12.4 in 2014, a figure which is somewhat lower than the world average of 17.5, but which is much higher than in the neighboring country of Japan, whose rate is only 4.7 per 100,000. The higher rate relative to Japan stems in some part from the difference in the number of motorcycles per square kilometer; the figure for Taiwan was 392.2 in 2013, a number which is more than 10 times that of Japan [20] . Motorcyclists are among the most vulnerable road users according to the Global Status Report on Road Safety [1] . Among all the drivers who lost their lives within 24 hours of an accident in Taiwan, 78.1% are motorcycle drivers; the corresponding figure for Japan in 17%. Male victims constitute 70.8% of all fatalities of traffic road crashes [20] . Many of those RTF victims were the heads of male-headed households and the primary "breadwinners" in those households.
In Taiwan, vehicle crashes resulting in a fatality are considered criminal acts, and the victims are considered victims of crime. The families of RTF victims, along with other dead victims of violent crimes, are fully entitled to crime victim services according to the Crime Victim Protection Act. Local victim services, at this writing staffed by 54 full-time workers and 823 volunteers, are available in 21 district prosecution offices spread across Taiwan. Service provided include securing and forwarding information and assistance according to each victim's needs during different time phases. Services such as shelter provision, legal aid, social services, medical aid, occupational therapy, physical rehabilitation, emergency compensation and even longer-term supplemental support, and when possible restitution are all involved. In order to develop effective evidence-based post-fatality interventions for victims' family members who need support and rehabilitation, an understanding of RTF surviving family members' ordeals from the population of people who were impacted by a traffic fatality and reported on their own real life victimization experience to the crime victim service offices is helpful.
Studying effects of RTF on victims' households using data from the crime victim services in Taiwan
The adverse impacts of RTFs on victims and associated parties are measured by reference to both objective and subjective criteria [21] . Objective measures are mainly those of material loss such as the costs of vehicle replacement, medical care, higher insurance premiums, and consequently the reduction of personal and/or household income [16] . Subjective measures concern principally the psychological effects of crash involvement on quality of life; fear, stress-related anxieties, and sleep interruption from crash re-enactment dreams and PTSD in some cases are the types of psychological outcomes typically documented. Although some previous studies have employed both subjective and objective measures of outcomes, research studies usually emphasize the more easily quantified objective measures, namely the monetary calculation [9, 12, 16] .
As I pointed out that, compared to the RTF victims, the adversities suffered by the families of RTF victims have not been well addressed in the research literature. Systematic research in this area can help lessen the burdens of RTF accidents by prioritizing societal response to the parties most at risk of adverse consequences from the loss of a family member. Toward this goal, the present study aims to identify the impacts of a RTF crash on victims' households, and to document the risk factors that incur household burdens using cross-sectional survey data collected in Taiwan. Household burdens are here defined as victimization impacts on family members of RTFs which have adverse effects on family functions. We hypothesize that the impacts in question fall into four distinct types: family relations, occupational life, family income, and residentail relocation. Potential risk factors that might be used to predict the scope and severity of the adverse impacts includes: family members' demographic characteristics, their social-economic position, their familial situation, the time gone by since the crash, and their emotional attachment to the fatality victim.
Methods
Data
Data used in this article come from a cross-sectional survey of victims and victims' families in Taiwan conducted under the auspices of a government (Department of Prevention, Rehabilitation and Protection, Ministry of Justice)-contracted research project carried out by a market research and consultation firm. The Case Management System of the Association for Victims Support, which is a Taiwan government (Ministry of Justice)-funded national institution responsible for victim services, holds information of all the victims who have registered in local victim support offices since 2001. The number of RTF victims' families with full contact information in the system was 4,561. They were contacted by trained interviewers, and 1291 (28.3%) of them consented to a face-to-face interview and completed a structured, printed questionnaire during the period between July and November of 2011.
Personal background information in the survey questionnaire includes age, gender, formal education, occupation, job position and personal income. Formal education is assessed in terms of five levels, ranging from 'elementary or below' to 'graduate school or above'. The occupation question features 21 categories reflecting the major sectors of the Taiwan economy, ranging from farming to entertainment and including the category of unemployed. 'Others' is among the 21 response options if none of the listed answers fits the interviewee's occupation. Note that the answer options include 'no idea' and 'no answer' as the labeled options. Position refers to an interviewee's job title in his/her occupation, and this item has 10 categories as shown in Table 1 . The personal income item requests the interviewee's monthly income in NT dollars. A category is to be selected from the deciles between 0 and 100 K.
Information about the interviewee's family was also queried in the survey. This section of the survey includes information on cohabitants and dependents present in the household. In the case of cohabitants, the possible answers are: 1) parents, including father and/or mother; 2) spouse, including partner; 3) unmarried offspring; 4) married offspring and their spouses; 5) grandchildren; 6) friends; 7) other relatives; 8) living alone; and 9) refuse to answer. Multiple answers could be chosen on this item. In the case of dependents, interviewees answered how many dependents younger than 18 he/she was living with at the time of the fatal crash.
The survey also included an item on the interviewee's relation with the victim of the fatal crash. In the case of family relationship, answers include parents, spouse, offspring, grandchild, sibling and others. In the area of emotional ties to the victim, interviewees were asked to pick one among the five levels of emotional dependence he/she had on the victim. Similarly, in the area of financial ties, one of the five options ranging from very much financially dependent to not dependent at all was to be chosen.
Finally, two questions regarding average household income were posed. One survey item concerns current average monthly household income, and the other item asked about the average monthly household income at the time of fatal traffic crash. Another question asked about impact of the RTF crash on the family member's occupational activities. Possible answers in the questionnaire included: 1) psychological pressure from colleagues/supervisors; 2) unable to work as usual because of lawsuit or funeral; 3) interpersonal relations affected; 4) forced to quit job by the employer; 5) was discriminated against when returning to job market; 6) unable to work normally because of emotional turmoil; 7) chose to quit in order to take care of family members; 8) others; 9) no impact at all; and 10) no idea or refuse to answer. Another questionnaire item asked about the impact of the crash on family life, with answers including: 1) unable to sustain basic living because of affected family income; 2) safety was threatened; 3)family members feel gloomy, losing peace of mind; 4) family members blame one another; 5) chilled family relationship; 6) afraid of being asked about the event, hence affecting social life; 7) difficulty taking care of children; 8) others; 9) not affected at all; 10) no idea or refuse to answer. Finally, the interviewee was asked whether he or she had relocated because of the crash.
Statistical analysis
The data collected in the survey enable us to test the hypotheses on the four types of RTF impacts and to identify the risk factors associated with the impacts on the victim's household through the use of logistic regression: impact on 1) household income; 2) occupational activities; 3) family life; and 4) residential relocation. Specifically, a decrease in the average household incomes between the time of crash and the time of interview was categorized as an impact on the interviewee's household income. Otherwise, there was no impact. Note that income was not adjusted for inflation because the inflation rate has been low in Taiwan in the past 20 years. Similarly, choice of no 
In the regression model, age, personal income, number of cohabitants, number of dependents, years since RTF crash, emotional ties and financial ties were treated as numerical variables; the rest were treated as categorical. Multi-collinearity among the 12 explanatory variables was assessed using Pearson correlation matrix, p, and the variance inflation fator (VIF). Education levels were found negatively correlated with position (p = -0.44) and age (p = -0.32), and positively correlated with household income (p = 0.33); position was negatively correlated with household income (p = -0.31); financial ties were positively correlated with emotional ties (p = 0.33) but negatively correlated with gender being male (p = -0.35). The rest of the pair-wise correlations were less than 0.3 in magnitude. Despite the weak correlations noted, the generalized variance inflation factors, GVIF 1/(2df ) for the 12 explanatory variables were all less than 1.3, permitting the use of the 12 variables as independent variables in the logistic regression model [22, 23] .
Results
The ages of the interviewees range from 20 to 85 years, with an average of 47.5 years and standard deviation of 10.1 years. A display of the descriptive statistics for the personal background information is set forth in Table 1 , which indicates that the typical victim's family member who was interviewed was a male, with a senior high school degree, working as a laborer in the manufacturing sector with a monthly wage between 20 and 30 thousand NT dollars.
The descriptive statistics set forth in Table 2 indicate that the majority of the responding victims' family members lived with one or two generations of cohabitants, with approximately two juvenile dependents.
Findings reported in Table 3 indicate that most interviewees were either the child, spouse, or parent of the RTF victims, and that they were most often both emotionally and financially heavily dependent on the victims. The proportions of RTF victim family members who reported adverse outcomes with respect to household income, occupational activities, family life and residential relocation are 27.6, 50.4, 85.9 and 17.2%, respectively; those results are set forth in Fig. 1 . It is noteworthy that the lingering adverse effects of the RTF crash most often cited was that of impact on family life. Figure 2 displays the detailed pattern of responses on survey items dealing with post-RTF family dynamics. In the area of occupational activities effects, emotional turmoil was reported to be the major negative impact on one's working life, as shown in Fig. 3 . Table 4 displays the results of the logistic regression with respect to the four types of impacts. The most noteworthy findings are as follows. The odds of reduced household income for victim's spouse are 75.5% greater than the odds for victim's parents; the odds of reduced household income decrease by 16.3% per each 10 K increase in the survey respondent's personal income; and the odds decrease by 30.8% per level decrease in the interviewee's financial ties to the victim. With respect to the occupational activities impact, the odds decrease by 22.8% with each increase in the number of household adult cohabitants; the odds increase, however, by 21.2% for each increase in the number of juvenile dependents in the household; and the odds decrease by 19.9% per level decrease in the strength of emotional ties to the victim. In the area of family life impact, the odds are 65.1% lower for restaurant workers than the odds for farming workers; and the odds decrease by 29.5% per level decrease in the strength of emotional ties to the victim. Finally, in the area of the residential relocation impact, the odds decrease by 2.7% per year increase in the interviewee's age; the odds for mechanical workers are 89.8% lower than the odds for managers; and the odds increase by 8.9% per year since the RTF crash.
Discussion
This paper used survey data from 1291 family members of RTF victims to present the risk factors associated with four types of potential adverse impacts. Only 27.6% of the family members reported reduced household income post-crash. If the family member was a spouse or had close financial ties with the victim, the possibility of income loss was significantly higher. However, the family member who had a high personal income was significantly less likely to report reduced family income. Unlike the previous study of injured victims reported by Tournier et al. [12] , this study did not find evidence of a temporal effect for the reporting of income loss in the family whereby the loss diminished over time postcrash. In the case of RTF family members the financial loss appears to be persistent and long-lasting. This is probably the case because the RTF represents a permanent loss of productivity in the family which cannot be remedied by occupational therapy and re-employment post-crash. In addition, in the case of injured victims, the medical costs associated with injury recovery likely decrease over time in most cases, easing the financial difficulties over time.
About half (50.4%) of the family members surveyed underwent post-crash occupational turmoil, mostly due to emotional disruptions or lawsuit/funeral affairs. Emotional ties with the victim significantly increased the risk of occupation impact. More children present in the household was also associated with an adverse occupational activities impact. Living with relatives and/or friends, nevertheless, reduced the risk of adverse occupational activities impact.
Tournier et al. [12] found that intention to lodge a complaint was a risk factor for adverse occupational impacts. This implies that placing complaints, or filing lawsuits, might wear upon the injured person and their family, and make work life circumstances more difficult. Having more children in the household might be a risk factor for occupational impact because of the increased childcare burdens arising after the RTF crash. It is interesting to note that previous research has found that women with children were more likely than childless women to develop psychological complications after a serious injury crash [8] . This finding suggests that having responsibilities for raising children is likely a risk factor for both psychological complications and occupational life management, with the former being predictive of the later. In contrast, multiple adult cohabitants can be considered an indicator of likely social support. People with more generations of cohabitants in the household likely can receive more forms of assistance from other members in the family to compensate for the functions previously provided by the lost member.
In the area of work life and private life connection, a two-year follow-up survey of 134 serious traffic crash injury victims conducted in Göteborg showed that people who were unable to return to their prior jobs post-crash developed complications in their recoveries and suffered major adjustment problems [8] . The implication is that timely assistance is crucial in terms of maintaining a family system which could help victims cope with short term and longer term demands upon RTF victim families.
It was found that over 85% of family members reported at least one kind of family life adverse impact. Among those impacts, psychological (i.e. feeling sad), relational (i.e. chilled family relationships) and financial travails were most often noted. The logistic regression model results pertaining to family life impact indicate that the strength of emotional ties with the RTF victim predicts the risk of suffering from adverse family life impacts. Interestingly, family members who were in restaurant-related occupations had less of a risk of experiencing adverse family life impacts than others.
The RTF victim family survey findings suggest that adverse familial life impacts did not fade over time, nor were those negative impacts associated with age, gender, or other socio-demographic factors. The key element in this area was that of emotional ties with the RTF victim; the more strongly connected by emotional ties the more likely it is that family members will suffer from adverse family life impacts.
Less than one in five survey respondents reported post-crash residential relocation (17.2%). Three factors were found to have significant effects on relocation, those being age, job position, and years since the RTF crash. Family members who were of older and who were mechanic workers were less likely to move. The more years since the crash, the more likely the family members were to report having relocated.
Relocation is a difficult area to interpret since it might be associated with the familial or occupational impacts of crashes, or it might represent a normal coping strategy to deal with occupational, familial, or financial difficulties generally unrelated to the RTF crash. The meaning and effects of relocation for RTF victims are worth exploring in greater detail than is possible with the survey data available for this study.
Conclusion
Since the existing literature is mostly concerned with injury risks and the outcomes of post-crash readjustment, our knowledge of the impact of RTF crashes on victims' families is very limited. Families which have lost members as a consequence of a fatal crash are hidden victims who must undergo a lengthy recovery process, and they would likely benefit greatly from an established long term institutional response. This research addresses four noteworthy commonplace post-crash adverse impactsnamely, family dynamics, occupational activity disruptions, financial woes, and social dislocation. It also develops four predictive models for gaining insight into how different hidden victims of RTF crashes come to suffer hardships from those fatal crashes.
In comparison with previous literature centered on injured victims, it is disturbing to find that post-crash occupational disruption among RTF victim families is nearly as prevalent as among seriously injured traffic crash victims. This suggests that the true costs of serious traffic crashes are not merely restricted to individual health recovery of survivors of serious crashes and the replacement of lost equipment. Perhaps the true cost of RTF crashes should include the psycho-social costs and adverse impacts suffered by the victim and the victim's family. Road traffic crashes carry a very high socioeconomic cost for the society and the families affected in part because traffic crash injuries and casualties generally occur in victims' mid-life years [13, 24] .
Properly addressing these high societal costs requires government action of at least two types. First, there must be continued efforts to reduce the incidence of traffic collisions and prevent the mortalities of road traffic crashes through safer roadways, safer cars, more effective law enforcement of traffic safety laws, and better public education of drivers. Second, there is a need to restore the quality of life and repair the emotional damage done to the families suffering from the outcomes associated with RTF crashes. In this regard, helping the families of RTF crashes in a timely way would likely greatly reduce the long term societal costs of fatal crashes.
Taiwan has had appropriate legislation in place for a long time to address the five primary risk factors for road traffic crashes -namely, excessive speed, drinking and driving, use of helmets on motorbikes, use of seatbelts, and use of child safety restraints. Nevertheless, road traffic crash statistics bear witness to the fact that the ongoing enforcement of these laws, even with the addition of closed-circuit TV monitors in key locations, remains far from optimal.
With respect to addressing the societal costs arising from the needs of crash survivors, current rehabilitation programs principally target injured persons and pursue the goal of crash victim reintegration into the workforce and broader society. It is argued here that the families of the fatally injured victims of RTF crashes should also be included in both the estimation of societal costs of injury traffic crashes and after-crash services.
This article provides a glimpse of the baseline service needs of RTF crash families in a high-income country. The question of documenting the quality of life impacts on victims' families after fatal traffic crashes deserves more research, and more resources are needed to prevent such crashes and provide timely assistance to affected persons after they occur. This article provides a picture of the scale of the problem, and highlights the importance of collecting data from the family members of road traffic crash victims. This study does a fair job of providing perspective on the problem at hand, but its scope is rather limited. The response rate is low and unavailability of non-respondents' information keeps us from assessing/correcting potential biases. For example, results of the descriptive statistics show that many respondents worked as laborers and it would be interesting to know the occupation of those who did not respond. On the other hand, since the design of the current study compares pre-with post-crash status of the same respondent, it is self controlled and thus immune to bias in population stratification. The survey method constraints the range of questions that can be asked and limits the depth of understanding of responses provided. In some areas, such as the long-term psychological complications associated with PTSD, adverse outcomes were not measured in the survey. The current study differentiated four different types of potential adverse impacts and investigated their correlates in predictive statistical models using logistic regression. However, previous research suggests that victims' social consequences often interacted with and reinforced psychological and medical impairments [9] . It is hoped that these limitations can be overcome in future research, and that evidence-based ameliorative interventions can be made with RTF victims' families at high risk of adverse impacts. If such interventions are developed, it is hoped that the outcomes of those interventions are monitored for determining their effectiveness vis-à-vis ongoing cost/benefit analyses.
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